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Abstract. We present a grid of theoretical models where
the calculation of absorption line spectral indices in both
the blue and red wavelength ranges is done with the same
evolutionary synthesis code. We have computed some of
these indices: CaT, Na i, Mg i in the near infrared and
Mgb, Mg2, Fe52, Fe53, NaD and Hβ, in the blue-visible
range, for Single Stellar Population (SSP) of 6 differ-
ent metallicities, (Z=0.0004, 0.001, 0.004, 0.008, 0.02 and
0.05), and ages from 4 Myr to 20 Gyr.
From the comparison of these evolutionary synthesis
models with a compilation of elliptical galaxy data from
the literature, we find that the observed CaT index fol-
lows the blue 〈Fe〉 index rather than Mg2 as the models
predict. If this implies an over-abundance [Mg/Ca] and we
take into account the masses of stars which produce Mg
and Ca, these stars could form in a time scale shorter than
5 Myr from the beginning of the star formation process.
Alternatively, an IMF biased towards very massive stars
(M> 40M⊙) at the early epoch of star formation in ellip-
tical nuclei has to be assumed. We also suggest to revise
the calculation of the nucleosynthesis yield of Magnesium.
By using the diagnostic diagram CaT-Hβ to disen-
tangle age and metallicity in such populations, we obtain
around solar abundances and a sequence of ages between
4 and 16 Gyr for the galaxy sample.
Key words: Calcium Triplet –Elliptical galaxies
1. Introduction
The study of chemical abundances in elliptical galaxies
has traditionally been performed through the analysis of
absorption features usually present in their spectra (see
the recent review by Henry & Worthey 1999). The obser-
vation of such indices in the blue spectral range —in par-
ticular the so called Lick indices— has been a very fruit-
ful tool to interpret the physical properties of elliptical
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galaxies and globular clusters, both assumed to consist of
old stellar populations. There are many articles compiling
observational data for some of these indices (e.g. Trager
et al. 1998 and references therein), specially in Mg2 and
〈Fe〉 = (Fe5270 + Fe5335)/2. Some works have also mea-
sured other indices in the same spectral region such as
Mgb, NaD and Hβ.
Evolutionary synthesis models are the tool most fre-
quently used to interpret observed spectra. There are
a large number of different models (see Leitherer et al.
1998, and references therein ) which have become avail-
able thanks to the development of theoretical isochrones,
computed for a wide range of ages and metallicities. An
additional basic input for these models is an atlas of stel-
lar spectra (empirical or theoretical) which provides the
spectral energy distribution of each elemental area of the
Hertzsprung-Russell Diagram (HRD). If the spectral res-
olution of the available stellar atlas is good enough, line-
strength indices can be measured directly in the final spec-
trum resulting from the calculation (see Vazdekis 1999).
When this is not the case, or when the stellar atlas
consists of atmosphere models, empirical calibrations of
line-strength indices (also known as fitting functions) must
be incorporated into the models. These fitting functions
are obtained by observing a large sample of stars covering
the widest available range of the basic atmospheric stel-
lar parameters (effective temperature Teff , surface gravity
log g, and metallicity —usually parameterized by [Fe/H]—
; some authors also include relative abundances [X/Fe]
parameters to introduce elemental ratios different from
solar). Among the most employed sets of fitting func-
tions are those provided by the Lick group (Gorgas et
al. 1993; Worthey et al. 1994 —hereafter WFGB94), and
those of the Marseille group (Idiart & Freitas-Pacheco
1995, Borges et al. 1995; hereafter BIFT95). Examples
of evolutionary synthesis models, in which blue spectral
indices for single stellar populations (SSP) of different
ages and metallicities are computed, are those of Worthey
(1994, hereafter W94), Casuso et al. (1996), Bressan et al.
(1996, hereafter BCT96), Vazdekis et al. (1996 hereafter
VCPB96), and Kurth et al. (1999, hereafter KFF99). All
these works have employed the polynomial functions of
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WFGB94. On the other hand, BIFT95 have made use of
their own set of fitting functions, which have also been em-
ployed in the models of Tantalo et al. (1998). Most of these
synthesis models give estimates for the blue-yellow line-
strength indices, such as Mgb, Mg2, Fe5270 and Fe5335
(sometimes only 〈Fe〉), NaD and Hβ.
An important result is obtained from the study of the
locus of data in the plane Mg2–Fe (where Fe means an
iron index such as Fe5270, Fe5335 or 〈Fe〉). The correla-
tion followed by globular cluster data is adequately repro-
duced by synthetic models of spectral indices applied to
old stellar populations of low metallicities, a result which
is not unexpected, since most of the poor-metal stars used
to calibrate the spectral index dependence on metallicity
are members of these globular clusters. This correlation is
steeper than that found for elliptical galaxy nuclei which
cannot be fitted by the models even by using the old-
est and more metal-rich stellar populations (Burstein et
al. 1984; Gorgas et al. 1990; Worthey et al. 1992; Davies
et al. 1993; Carollo & Danzinger 1994,1994b; Fisher et
al. 1996; Vazdekis et al. 1997). In fact, elliptical galaxies
are located below the lines in the mentioned diagrams.
The usual explanation states that old elliptical galaxies
formed stars very quickly in the past, after the produc-
tion of large quantities of magnesium and other elements
by massive stars (through the ejection of metals by Type II
supernovae, SNe), but before the bulk of iron production,
which is mainly synthesized by Type I supernovae result-
ing from the evolution of low-mass stars. The iron-peak
elements appear at least 1 Gyr later than the α-elements
in the interstellar medium. This result limits the star for-
mation duration to less than 1 Gyr, after the start of the
process
Therefore, the so-called over-abundance of Magnesium
over Iron is actually an under-abundance of Iron, in terms
of the absolute values of total abundances, and since Cal-
cium is also an α-element, it should be expected that Ca
indices follow the Mg2 behavior: if CaT and Mg2 indices
were directly related to the abundances of Calcium and
Magnesium, and both elements were mostly produced by
Type II SNe, one should expect that a large Mg enrich-
ment would also imply a large proportion of Ca in compar-
ison with the Iron abundance, implying [Ca/Fe] > 0, too.
On the contrary, if models are not able to reproduce the
observational data, a new explanation should be proposed.
However, elliptical galaxies data seem to follow the model
predictions in the Ca4455–〈Fe〉 plane (Worthey 1998) thus
implying a [Ca/Fe] = 0. Since this result is not well un-
derstood, here we propose the use of the Calcium Triplet
index at ∼ λ8600 A˚, CaT (λ8542+8662 A˚), to test the pre-
dictions of theoretical models against observational data
in the plane CaT-〈Fe〉. This point will be discussed in de-
tail in the following sections.
It is important to stress that model predictions used
to compare the variation of the CaT with other spectral
features in the blue spectral region should be obtained
with the same computational technique and inputs, i.e.,
the same models with identical stellar tracks and atlases
of Stellar Energy Distributions, SEDs. For this reason, in
this paper we will present index predictions obtained with
a revised version of the evolutionary synthesis models al-
ready presented by Garc´ıa-Vargas et al. (1998, hereinafter
Paper I). There we modeled the equivalent width of the
two main lines of the CaII Triplet (λλ8542, 8662 A˚), fol-
lowing the index definition given by Dı´az et al. (1989,
hereafter DTT), for SSPs with ages ranging from 1 Myr
to 17 Gyr, and for 4 different metallicities Z=0.004, 0.008,
0.02 and 0.05. An important conclusion derived from Pa-
per I is that the CaT index is almost constant with age,
and only dependent on metallicity for ages older than 1
Gyr, when the IR flux is dominated essentially by giants.
This result indicates that the CaT is a potential tool, in
conjunction with other age-sensitive indices such as Hβ, to
confront the well-known age-metallicity degeneracy prob-
lem in old populations. In fact, both indices produce a
quasi-orthogonal grid of constant age and metallicity lines
(see Fig. 7 in Paper I). In the revised version of the models
employed in this work, we have included the computation
of the most common indices in the blue spectral region,
following the same strategy as that employed in Paper I
for the near-IR indices.
In order to check our model results about CaT in that
work, we compared the predicted indices with the globular
cluster data (see paper I), and obtained a dependence of
this CaT for the oldest stellar populations on the metal-
licity similar to that estimated from those data. Unfortu-
nately, there were just a few CaT observations in elliptical
galaxies to compare with the model results. In this new
piece of work we have compiled data for a sample of el-
liptical galaxies, for which both the CaT and Lick indices
are available in the literature. This will allow us to com-
pare the predictions of the new models with the indices
measured in both blue and near-IR spectral regions.
This paper is organized in the following way: in Sec-
tion 2 we give a description of the evolutionary synthesis
model, with special attention to changes introduced with
respect to Paper I, and we discuss the criteria followed
to select the fitting functions. The comparison of models
with data is shown in Section 3. A discussion is performed
in Section 4 and finally, our conclusions are presented in
Section 5.
2. The evolutionary synthesis model
2.1. Model description
The evolutionary synthesis models presented in this paper
have been computed using the technique already described
in paper I. The total mass of every SSP is 1×109 M⊙ with
a Salpeter-type IMF, Φ(m) = m−α, with α = 2.35, from
mlow = 0.6 M⊙ to mup = 100 M⊙. We have followed
the passive evolution of a single–burst stellar population
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(SSP) through ages from 4 Myr to 20 Gyr (with a log-
arithmic age step of 0.1 dex until 10 Gyr, and 0.02 dex
afterwards). This wide range is useful to analyze compos-
ite populations, as it occurs in spiral disks (see Molla´ et
al. 2000) or the non-negligible possibility —non treated
here— of having recent star formation over-imposed over
an older stellar population (see Pellerin & Robert, 1999).
In particular it might be used for studying, in the near
future, starburst galaxies where the star formation bursts
were provoked by radial flows in spiral disks which pushed
the gas towards their centers. Thus, this work also is useful
to check that this model gives reasonable spectral indices
for SSP before applying it to other more complex stellar
populations.
The spectral energy distribution for each SSP is syn-
thesized by adding the spectra corresponding to all the
points in the theoretical HR diagram, taken from Bres-
san et al. (1993) . The spectrum associated to each point
was selected using the closest atmosphere model in the
stellar parameter space, and properly luminosity scaled (
see Garc´ıa-Vargas et al. 1995). Atmosphere models were
taken from Lejeune et al. 1997, 1998), who provide an ex-
tensive and homogeneous grid of low-resolution theoretical
flux distributions for a large range in Teff (from 2000 K
to 50000 K), gravity (−1.02 < log g < 5.50), and metallic-
ity (−5.0 ≤ [M/H] ≤ +1.0), by including M dwarf model
spectra. We chose their corrected fluxes, color-calibrated
flux distributions, constructed through empirical effective
temperature-color relations. These spectra span from 91 A˚
to 16000 nm, with an average spectral resolution of 20 A˚
in the optical range. In order to provide predictions for the
youngest stellar populations, we supplemented the above
data with hot stars (Teff > 50000 K) from Clegg & Mid-
dlemass (1987). These last stars do not exist in old stellar
populations but they will be necessary in spiral disk mod-
els, where young stars usually contribute to the total flux.
The present models have allowed us to compute the
evolution of several line-strength indices: Na i, Mg i and
CaT in the near-IR, and Mgb, Mg2, Fe5270, Fe5335, NaD
and Hβ in the blue band. The index definitions given
by DTT have been used for the CaT and Mg i indices,
whereas the Na i index was computed as in Zhou (1991).
The index definitions for the blue indices (Lick/IDS sys-
tem) can be found in Trager et al. (1998). Although in
the comparison with observational data we are only using
CaT, Mg2, 〈Fe〉 and Hβ, the calculation of the additional
indices allow to us to check whether our blue model predic-
tions are compatible with those obtained by other authors.
In addition, the Mg i and Na i indices in the near-infrared
are predictions which may be useful in the comparison
with high-resolution spectral data in low velocity disper-
sion objects.
To calculate the synthetic line-strength indices, as a
function of age and metallicity, we have followed the proce-
dure explained in paper I. The Lick/IDS indices have been
computed using two different sets of fitting functions: (1)
the polynomial functions from WFGB94, and (2) the fit-
ting functions from BIFT95. Both sets of formulae give the
behavior of each index as a function of the main stellar pa-
rameters: gravity, effective temperature, and metallicity or
iron abundance [Fe/H]. The BIFT95 functions allow one
to include the dependence on α–element abundance ratios,
although in this paper we have assumed [α/Fe] = 0.0.
Although the CaT was already synthesized in paper I,
we have decided to recompute it here in order to consider
the differences in the mlow (we have employed 0.6 M⊙,
instead of 0.8 M⊙), and in the atmosphere models, which
now include M dwarf spectra. Thus, this recalculation pro-
vides us with a set of indices obtained with the same com-
putational technique. The only difference between the blue
and the near-IR indices presented in this paper resides
on the stellar libraries used to derive the corresponding
indices values. The inclusion of the CaT in the models
has been performed by using the predictions, based on
model atmospheres, from Jørgensen et al. (1992, hereafter
JCJ92). These authors give the equivalent width of the
two strongest calcium lines as a function of the stellar
effective temperature, surface gravity, and calcium abun-
dance, and when these functions are used for the DTT
stellar library, the predictions are in excellent agreement
with the data. Thus, we prefer to use JCJ92 models, which
revealed a complex behavior of the calcium lines, instead
of relations from DTT, who only gave empirical relations
between CaT and the stellar parameters, as a first compo-
nent analysis, in order to explain the parametric behavior
of the star sample.
It is very important to highlight that, since JCJ92 pre-
dictions are only valid in the temperature range from 4000
to 6600 K, we have extrapolated their fitting functions for
cooler stars (see also paper I). Although this is always
dangerous, we are confident in the generic trend of JCJ92
results with Teff, because these relations, extrapolated for
Teff < 4000K, were already compared with M stars data
in Paper I: a decreasing of CaT with Teff was found in
both cases. To strengthen our confidence on this point, we
show in Fig. 1 the CaT-Teff relations obtained with the
JCJ92 extrapolated functions for different gravities (solid
lines), and compare them to CaT data for the cool star
samples from Zhou (1991), Mallik (1997) and Zhu et al.
(1999). The two first sample data are shown with symbols
representing the stellar gravity. The last set data are solid
dots. The dotted line is the least squares fit for these data,
given by the equation:
CaT = 3.2510−3 × Teff − 4.10 (1)
The dependence of the CaT on Teff has a similar slope
in both, empirical and theoretical, cases. Data are limited
by the extrapolation lines for log g = 0.5 and log g = 2.
Those with lower gravities seem to be located higher in the
graph than those with higher gravities which are lower, by
following the same trend than theoretical models. Maybe
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Fig. 1. The dependence of CaT with Teff for cool stars. Solid lines represent the extrapolation of the JCJ92 functions
for three different gravities given in the figure. Numbers are data, given with symbols as gravity values, from Zhou
(1991 1991) and Mallik (1997 1997) Solid dot are data from Zhu et al (1999 1999). The dotted line is the least squares
fit to all these data.
the dependence of this theoretical function on gravity does
not exactly reproduce the observed one for cool stars, but
this point cannot be estimated with the small number of
stars with known gravities used for our fit. The influence of
using one or the other kind of dependence (empirical equa-
tion (1) vs JCJ92 functions) for cool stars on model results
will be analyzed in the following section. In summary, this
being the main source of uncertainty of the present mod-
els, we attempt to use the most adequate solution until
more confident fitting functions in this spectral range are
available.
For Mg i index, the empirical calibration obtained from
DTT have been used, whereas in the case of the Na i index
we have followed Equations 3 and 5 from Zhou (1991)
who calibrated this index as a function of gravity, stellar
abundance and (R-I) Johnson-system color for spectral
types from G0 to M3. For the coolest stars we assign a
value of 1A˚, following data shown by Z91 in their Figure
6. The (R-I) color has been taken from isochrones.
2.2. Model Results
Table 1 shows the line-strength predictions for three differ-
ent metallicities and six age steps, using WFGB94 fitting
functions. We have selected these ages since the discussion
in this paper is focused on old populations in elliptical
galaxies. (The whole set of results for six metallicities and
ages from log age = 6.60 to log age = 10.30 is available in
electronic format). 1
1 Complete set of Table 2 is only available in electronic form
at CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)
or via http://cdsweb.u-strasbg.fr/Abstract.html, or upon re-
quest to authors
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Table 1. Spectral indices predicted with the evolutionary synthesis model described in this work (with the WFGB94
fitting functions). We only present results for a selected sample of ages and metallicities. The whole set of index
predictions is available in electronic format.
log age CaT Na i Mg i Mgb Mg2 Fe5270 Fe5335 NaD Hβ
(yr) (A˚) (A˚) (A˚) (A˚) (mag) (A˚) (A˚) (A˚) (A˚)
Z=0.008
9.30 5.356 0.025 0.612 2.138 0.127 1.937 1.574 1.674 3.130
9.60 5.614 0.058 0.622 2.488 0.145 2.146 1.764 1.830 2.461
9.90 5.826 0.083 0.650 2.907 0.172 2.412 2.000 2.013 1.988
10.08 5.895 0.106 0.650 3.143 0.185 2.507 2.082 2.099 1.804
10.14 5.910 0.111 0.652 3.262 0.192 2.563 2.133 2.135 1.728
10.20 5.922 0.124 0.649 3.308 0.195 2.573 2.138 2.153 1.687
Z=0.02
9.30 6.815 0.136 0.717 2.556 0.163 2.416 2.152 2.355 2.795
9.60 7.063 0.183 0.752 3.335 0.211 2.823 2.541 2.747 2.041
9.90 7.078 0.240 0.759 3.741 0.235 2.967 2.688 2.950 1.749
10.08 7.108 0.255 0.771 4.058 0.260 3.148 2.864 3.173 1.522
10.14 7.071 0.276 0.767 4.117 0.267 3.181 2.894 3.223 1.468
10.20 7.095 0.277 0.772 4.203 0.274 3.242 2.947 3.294 1.405
Z=0.05
9.30 8.454 0.560 0.868 3.393 0.224 3.047 2.997 3.406 2.296
9.60 8.475 0.610 0.888 4.231 0.283 3.446 3.408 3.970 1.718
9.90 8.329 0.717 0.876 4.683 0.315 3.627 3.594 4.276 1.435
10.08 8.285 0.766 0.876 4.989 0.342 3.786 3.746 4.568 1.282
10.14 8.300 0.763 0.878 5.081 0.352 3.865 3.810 4.710 1.222
10.20 8.301 0.768 0.878 5.120 0.359 3.909 3.856 4.792 1.179
The results for the CaT index are very similar to those
from paper I. As a comparison, for an age of 13 Gyrs and
abundances Z=0.004, 0.008, 0.02 and 0.05, the present
models predict the following values: 4.58, 5.91, 7.08 and
8.30 A˚, respectively. The corresponding indices in paper I
were: 4.65, 5.95, 7.32 and 9.28 A˚. These differences are
lower than 10%, implying that the new low-mass limit
does not have an important effect on the CaT values, al-
though we note a larger difference (1 A˚) for Z=0.05 prob-
ably due to the effect of including M dwarf spectra in the
atlas, which is larger on the metal-rich stellar populations.
These results are also similar to those obtained by
other authors, such as Vazdekis et al. (1996), Idiart et al.
(1996, hereafter ITFP96), Mayya(1997) or even the most
recent ones from Schiavon et al. (1999, hereafter SBB99).
The comparison with other models is made in Table 2
where results for two SSP of 1 Gyr and 13 Gyr old, with
different metallicities, are shown. In all cases, the CaT is
independent of age and very dependent on metallicity, ex-
cept for the results from VCPB96 for Z= 0.05, which are
smaller than the solar abundance ones.
We represent the time evolution of the results of our
model and other models for solar metallicities in Fig. 2, in
order to determine whether our conclusion about the in-
dependence of CaT on age is a general behavior (Mayya’s
model is not shown because this work is only dedicated
to stellar populations younger than 1 Gyr). We see that
our model gives an almost constant index for old stellar
populations in agreement with BCPB96 and SBB99, while
models from ITFP97, who used their own stellar library
and fitting functions, give CaT values slightly increasing
with age ( In order to compare with the same kind of def-
initions we have converted the CaT values from these au-
thors to the system DTT89). When comparing our model
with BCPB96’s results, (the only authors who calculated
red (CaT and Mg i) and blue spectral indices with the
same model) we observe that our values of CaT are (∼ 1
A˚) smaller. This is due to the different calibration used
to calculate the stellar CaT indices: they use DTT while
we use the theoretical equations given by JCJ92. The dif-
ference between both models is almost the same offset
found between the two grids which were computed in Pa-
per I with these two function sets. Mayya (1997) also use
JCJ92, at least in part, reaching basically the same be-
havior with the age for stellar populations younger than 1
Gyr. SBB99 also obtain no dependence on age, although
the absolute values for CaT are not given in their work. In
conclusion, with the present knowledge about this index
we are confident in the behavior goodness for this index.
This independence of age does not depend on the ex-
trapolation performed for the coolest stars: when the em-
pirical equation (1) is used, instead of the theoretical equa-
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Table 2. Comparison of model predictions for CaT index, obtained by different authors and this work, for SSP’s of
1 and 13 Gyr
Model CaT(A˚) CaT(A˚)
(1 Gyr) (13 Gyr)
Z = 0.008
This work 4.59 5.92
VCPB96 6.24 6.87
ITFP96 5.12 6.25
Mayya97 4.00 —
SBB99 — 0.89 (= 6.32)
Z = 0.02
This work 6.02 7.10
VCPB96 8.32 8.21
ITFP96 6.20 7.33
Mayya97 3.40 —
SBB99 — 1.00 (=7.10)
Z = 0.05
This work 7.56 8.30
VCPB96 8.40 8.10
ITFP96 6.85 7.98
Mayya97 4.50 —
SBB99 — 1.15 (=8.17)
Note: SBB99 do not give the total Cat in A˚but values normalized to the 13 Gyr and solar metallicity. Values of this Table are
estimated by using our result for this age and their dependence on metallicity and ages.
tions from JCJ92, we also obtain a constancy of CaT
with age, although with a smaller value (6.76 A˚vs 7.10
A˚– differences lower than 5 %– for solar abundance and
log age = 10.20). This behavior is explained when the
isochrones information is taken into account. When the
stellar populations become older their stars are cooler,
which decreases their CaT values following Fig. 1. At the
same time the influence of these stars on the total flux
of the stellar population increases with age. Both effects
compensate each other, resulting in a contribution of these
cool stars to the flux in the CaT index which remains con-
stant with age.
We have also checked our model results for the blue
spectral indices by comparing them with those derived
by other authors. Table 3 shows that our predictions are
similar to those from W94 and BCT96 when polynomial
fitting functions from WFGB94 are used. A comparison
of the age evolution of the Mg2 index is shown in Fig. 3.
The similarity with BCT96 is not surprising since their
input atmosphere models and isochrones are not very dif-
ferent from those employed in this work. Our indices are
also close to those from KFF99 calculated with Padova
isochrones, although these authors followed a different
method to assign the stellar models in the HR diagram.
VCPB96 obtain larger values of Mg2 and lower values of
Hβ. The recent estimations of V99, which are obtained
without fitting functions by measuring in the final high-
resolution synthetic spectra, are also similar to all models
although slightly lower.
The agreement between different authors is clear, with
the exception of BIFT95, which predicts lower values than
all the other works. Note that, even using the same fit-
ting functions as in BIFT95, we are not able to reproduce
their line-strength predictions. This not-well understood
discrepancy between the BIFT95 results and our results
(and those of other works) leads us to choose our pre-
dictions obtained with WFGB94 fitting functions for the
comparison with observational data.
3. Data Analysis
3.1. Comparison of Data with Models
With the aim of addressing the behavior of calcium con-
cerning the α-element overabundance problem, we start
by comparing our model predictions for Mg2 and CaT
with the available data. The set of data is shown in Ta-
ble 4. This index was measured by Terlevich et al. (1990,
hereafter TDT90) for a sample of galaxies, with the aim
of finding a method to discriminate between active —i.e.
with strong star formation— and normal galaxies. Delisle
& Hardy (1992, hereafter DH) also estimated the CaT
equivalent width for a reduced sample of elliptical and spi-
ral galaxies, but they used an index definition with differ-
ent bandpasses. In our compilation there are three sources
of IR data: 1) the data from TDT90 ; 2) the set taken from
DH. These authors have kindly provided us their spectra
in order to calculate again the calcium triplet CaT with
the same definitions and windows than the first set; 3)
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Fig. 2. Comparison of the time evolution of the CaT index predicted by SSP models by different authors and this
work.
data unpublished from Gorgas et al. (private communi-
cation, hereafter GCGV). All these data are in the same
measure system. From these sources, we have selected only
the galaxies for which blue spectral indices are also avail-
able in the literature, following references of column (11).
All of them are in the Lick system, therefore we have com-
piled a uniform set of data. In Column (12) we also show
values for Mg2 as estimated by Davies et al. (1987). These
values are systematically lower than those more recent of
Column (5).
The measurement of equivalent widths is related to
their internal velocity dispersion through the correspond-
ing broadening of the spectral lines which affect both the
continuum level and the lines. The effect of the broadening
is to decrease the measured EW’s (see DTT89, and their
fig. 3, where this point was carefully explained). Therefore,
the raw data have been corrected, by adding a broadening
correction to all of them, and this is how they are shown
in the figures. These corrections are lower than the errors
estimated in most of data: for the DTT89 sample, they
are ∼ 0.2A˚, well within the error bars.
We have already discussed that if magnesium and cal-
cium were produced by the same type of massive stars,
they should also trace the same mean abundance, in which
case the [α/Fe] overabundance found in E galaxies when
studying the Mg lines should also be present in the anal-
ysis of the Ca features. We would expect to find all the
observational points within the model lines.
This comparison is graphically shown in Fig. 4, where
the lines correspond to the model results presented in Ta-
ble 1: solid lines are isoabundance predictions (Z=0.05,
0.02 and 0.008, from top to bottom), whereas dashed lines
indicate isoages values (ranging from 2 to 16 Gyr, from
left to right). Interestingly, model predictions in this dia-
gram indicate that Mg2 and CaT do not exhibit a strong
age–metallicity degeneracy, which means that this index–
index plane could be useful for the overabundance study.
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Table 3. Comparison of model predictions for the line-strength indices in the blue spectral range obtained by different
authors and this work, using solar metallicity. Our indices are given for the two choices of fitting functions examined.
Model Mgb Mg2 〈Fe〉 NaD Hβ
(A˚) (mag) (A˚) (A˚) (A˚)
Age = 2 Gyr
W94 2.760 0.189 2.485 2.650 2.752
BCT96 2.607 0.168 2.266 — 2.904
VCPB96 2.056 0.155 2.108 2.292 3.440
V99 2.413 0.150 2.255 — 2.879
KFF99 2.626 0.177 2.365 — 2.722
BIFT95 — 0.089 2.516 1.272 2.676
This work (WFGB94) 2.556 0.163 2.284 2.355 2.795
This work (BIFT95) 2.017 0.144 2.236 1.946 3.136
Age = 10 Gyr
W94 3.797 0.249 2.890 3.220 1.700
BCT96 3.899 0.255 2.910 — 1.540
VCPB96 3.921 0.261 2.906 3.575 1.491
V99 3.834 0.240 3.000 — 1.710
KFF99 3.789 0.253 2.950 — 1.590
BIFT95 — 0.196 2.960 2.460 1.680
This work (WFGB94) 3.903 0.248 2.908 3.054 1.629
This work (BIFT95) 4.098 0.225 2.927 2.820 1.606
Age = 16 Gyr
W94 4.129 0.275 3.060 3.560 1.420
BCT96 4.164 0.274 3.060 — 1.350
VCPB96 4.188 0.290 3.141 4.024 1.197
V99 4.071 0.262 3.200 — 1.453
KFF99 4.034 0.274 3.110 — 1.360
BIFT95 — 0.244 3.100 2.980 1.300
This work (WFGB94) 4.203 0.274 3.095 3.294 1.405
This work (BIFT95) 4.856 0.249 3.113 3.075 1.398
It is clear from the figure that, for single populations older
than 2 Gyr, the CaT index is roughly constant for a given
abundance, as we already explained in the previous sec-
tion, whereas Mg2 is sensitive to both age and metallicity.
When the data compiled in Table 4 are plotted in this
diagram (using different symbols to distinguish distinct
CaT sources, as explained in the plot key), it is apparent
that the observed Mg2 indices spread beyond the model
lines. This effect is equivalent to that found by Worthey
et al. (1992) in the Mg2–〈Fe〉 plane. In this figure, we use
solid dots to represent the values of Column (12), while
the open symbols are those of Column (5). Both kinds of
points represent the same galaxies with different estima-
tions of Mg2. It is clear that an uncertainty range appears
to be involved in the calculation of the index: there exists
an offset between Davies et al. (1987) and data from other
authors, mostly Gonzalez (1993), models being closer to
the observations when the first set is used.
The observed CaT values indicate that the calcium
abundance is about solar. Note that the location of data
is not dependent on the CaT source (although TDT90 in-
dices show a large abundance scatter, ranging from Z=0.02
to Z=0.05, but some of them are active galaxies).
Another piece of information came from the study of
the CaT–〈Fe〉 plane, shown in Fig. 5. Model predictions
exhibit a larger degeneracy than that observed in Fig. 4.
It is important to note, however, that CaT and 〈Fe〉 are
not completely degenerate due to the dependence of the
iron indices on age, almost negligible for the CaT. This
result can be easily quantified using the metal sensitivity
parameter (∆ log age/∆ logZ) defined by Worthey (1994):
for CaT is 134, while for Mg2 this value is ∼ 1.8 and for
Fe5270 is ∼ 2.3. It is clear from this calculation that the
CaT is an excellent abundance indicator, highly surpass-
ing Fe5709, the iron index most sensitive to metallicity
(∆ log age/∆ log Z = 6.5) in the optical range.
When the observational data set is included in the
above plane (see Fig. 5), it is clear that model predic-
tions reproduce the location of most elliptical galaxy nu-
clei. In addition the abundances read from these models
are mostly solar, for ages between 4–16 Gyr (note that this
result is logically the same derived from Fig. 4 since metal-
licity is derived from the same index, i.e. CaT). There are
also some outliers, but most of them correspond to data
with large error bars in CaT and/or in 〈Fe〉. It is clear that
most elliptical galaxies fall within the model predictions
grid.
Molla´ & Garc´ıa-Vargas: Spectral indices Models for Elliptical Nuclei 9
Fig. 3. Comparison of the temporal evolution of the Mg2 index, as predicted by SSP models by different authors and
this work.
This diagram confirms the previous trend obtained
when comparing 〈Fe〉, with Ca4455 (e.g. Worthey 1998).
We conclude then that the simultaneous analysis of Figs. 4
and 5 adds further weight to the idea that calcium follows
iron instead of magnesium, reinforcing the observational
evidence that calcium and magnesium behave differently
in elliptical galaxies (see section 4 for a discussion).
In order to check the possible influence of the extrap-
olation used on this diagram, we have also shown, as dot-
ted lines, in Fig. 4 and Fig. 5 the results obtained when
the empirical equation (1) is used for the stars cooler than
4000.The CaT values are lower but our former conclusions
hold: there are a large number of points falling out of the
diagram in Fig. 4 while in Fig. 5 some data now fall out
but also in the opposite direction.
Other possible error source comes from the uncertain-
ties in the RGB temperature which may be 200 degrees
cooler or hotter. We have estimated the effect of a reduc-
tion of 200 K in the effective temperature for stars in the
RGB on our indices predictions, by indicating these vari-
ations in each figure as an arrow located in a corner of
each diagram. This shift is not sufficient to reach the data
region in Fig. 4, even using the empirical calibration for
the coolest stars.
3.2. Disentangling age and metallicity: the CaT-Hβ plane
One of the main problems to understand stellar popula-
tions in early–type galaxies is how to disentangle age and
metallicity effects. Gonzalez (1993) showed that the com-
bination of the Hβ line-strength with indices like Mg2 or
〈Fe〉 could break the degeneracy. It is well known that Hβ
is affected by nebular emission. To overcome this prob-
lem, higher-order Balmer lines, like Hγ, have been pro-
posed as a powerful alternative (Jones and Worthey 1995;
Vazdekis and Arimoto 1999). Unfortunately, not many ac-
curate data on this feature have been presented in previ-
ous works (but see Kuntschner and Davies 1998). Since
the aim of this work is not to derive absolute ages and
metallicities but to gather information from the relative
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Table 4. Line-strength indices for elliptical galaxy nuclei.
Galaxy CaT error Ref. Mg2 error Hβ error 〈Fe〉 error Ref. Mg2
(A˚) (mag) (A˚) (A˚) (mag)
NGC 221 7.60 0.80 (1) 0.216 0.004 2.36 0.05 2.83 0.03 (5) 0.185
NGC 821 6.40 0.80 (1) 0.327 0.004 1.73 0.05 3.04 0.04 (5) 0.304
NGC 1052 8.30 0.80 (1) 0.333 0.007 — — 2.80 0.15 (11) 0.316
NGC 1700 6.10 0.80 (1) 0.293 0.004 2.09 0.05 3.04 0.04 (5) 0.278
NGC 2693 6.80 0.80 (1) 0.330 0.006 1.17 0.16 2.77 0.21 (9) 0.328
NGC 2778 6.89 0.24 (3) 0.349 0.005 1.76 0.08 2.88 0.05 (5) 0.313
NGC 3115 7.74 0.06 (2) 0.354 0.002 1.80 0.05 3.45 0.08 (10) 0.309
NGC 3377 7.28 0.10 (2) 0.287 0.004 2.07 0.04 2.68 0.03 (5) 0.270
NGC 3379 7.22 0.14 (3) 0.336 0.004 1.65 0.04 2.93 0.03 (5) 0.308
NGC 3608 7.37 0.21 (2) 0.330 0.005 1.73 0.07 2.91 0.04 (5) 0.312
NGC 4261 7.28 0.27 (3) 0.351 0.004 1.43 0.05 3.17 0.04 (5) 0.330
NGC 4278 7.40 0.19 (3) 0.330 0.004 — — 2.72 0.03 (5) 0.291
NGC 4431 6.95 1.13 (3) 0.184 0.005 1.88 0.20 2.15 0.14 (6) —
NGC 4458 7.20 0.44 (2) 0.255 0.008 1.62 0.37 2.59 0.35 (8) 0.227
NGC 4472 7.35 0.20 (3) 0.326 0.006 1.72 0.07 3.09 0.06 (5) 0.306
NGC 4478 5.89 0.56 (3) 0.287 0.004 1.87 0.06 2.90 0.04 (5) 0.253
NGC 5845 6.66 0.21 (3) 0.316 0.024 1.63 0.37 2.88 0.40 (8) 0.304
NGC 5846 6.02 0.32 (3) 0.339 0.003 1.60 0.05 2.94 0.03 (5) 0.321
NGC 5846A 7.09 0.40 (3) 0.297 0.002 1.53 0.08 2.61 0.05 (7) 0.287
References for CaT . . . . . . . . . . . . . . . . . : (1) TDT90
(2) Deslisle & Hardy 1992
(3) Gorgas et al. (priv.comm.)
References for blue indices . . . . . . . . . . : (4) Worthey et al. 1992
(5) Gonzalez 1993
(6) Gorgas et al. 1997
(7) Pedraz et al. 1999
(8) GEA90
(9) Trager et al. 1998
(10) Fisher et al. 1996 (11) Worthey et al. 1992 for Mg2
and Trager et al. 1998 for Hβ and 〈Fe〉
(12) Davies et al. 1987 for Column (12)
Notes: NGC 1052 and NGC 4278 present Hβ in emission
NGC 2778 and NGC 4261 present Hβ with emission contamination
trends in the index–index diagrams, we have preferred to
use the classical Hβ index, although we note that some
particular galaxies may be partially affected by an emis-
sion component (see notes in Table 4).
The new model predictions in the Hβ–CaT plane are
displayed in Fig. 6. The simultaneous computation of blue
and near-IR indices performed in this work allows us to
confirm the previous finding of Paper I, already discussed
in the introduction to this paper, concerning the orthogo-
nality of the CaT–Hβ diagram and the advantage of this
diagram to separate age and metallicity effects. Almost
all the data points fall inside the new model predictions,
within their error bars. Once again we represent the re-
sults obtained through the empirical fit for CaT as dotted
lines and an arrow is included in the graph to indicate the
possible shift of points if the RGB effective temperature
is reduce 200 K.
Taking the models literally, the above diagram indi-
cates that the stellar populations exhibit roughly solar
abundances for [Ca/H]. This is naturally the same result
obtained from Figs. 4 and 5. In addition, the derived ages
range from 4 to 16 Gyr, except for NGC 221, with an age
of ∼ 2 Gyr, which is not too far from the result derived by
Vazdekis & Arimoto (1999), who found that the better fit
of a synthetic spectrum to this galaxy is obtained for ages
in the range from 2.5 to 5 Gyr. Obviously, these results
are not new since they rely on the Hβ indices.
An important problem associated with the use of the
Balmer absorption features is that their continuum band-
passes usually include metallic lines. Another important
drawback, specially in the case of Hβ, is that it is well
established that a large fraction (<∼ 50 %) of early-type
galaxies exhibit Balmer emission lines at some extent.
Therefore, the determination of ages is not totally safe.
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Fig. 4. The index CaT vs Mg2. Solid lines and long-dashed lines join isoabundance and isoage stellar populations,
respectively, as explained in the inset. Dotted lines represent results for isoabundance stellar populations obtained
by using the empirical equation (1), instead of the extrapolated theoretical equations JCJ92. Symbols refer to the
observational data presented in Table 4: open symbols with error bars refer to Mg2 from Column (5), while full
symbols represent values from Column (12). The small vector on the figure shows the shift of model results which
would appear if the effective temperature of the RSG branch was decreased by 200 K.
4. Discussion
As we have already mentioned, a ratio [Mg/Fe] > 0 can
be explained by taking into account that both elements
are synthesized in the interior of stars covering a different
range of stellar masses. Invoking the same reasoning for
calcium, it can be concluded that this element is generated
in another type of stars than those synthesizing Mg. In
this sense, Worthey (1998) has suggested that Type II SNe
could have two flavors , just like Type I and II SNe produce
iron and magnesium at different times in the evolution of
a galaxy.
It is important to note that the ratio [α/Fe] is high
because the iron abundance [Fe/H] is low, i.e., an iron
deficiency translates into an over-abundance for alpha-
elements. In particular, if one assumes [α/Fe]=+0.4 for a
given total abundance Z, it means that, for the total abun-
dance Z, logZ/Z⊙ is approximately the same and [Fe/H] is
∼ −0.4 dex smaller. Isochrones do not change very much
when alpha-elements are enhanced because abundances
of the principal elements are also enhanced; but the iron
abundance is decreased (see Tantalo et al. 1998).
The overabundance in α-elements, or underabundance
in [Fe/H], which can be seen in the models, occurs because
the bulk of the stars are created before the iron is pro-
duced. It may be seen when the star formation is low, usu-
ally in low-metallicities regions. Thus, the ratio [Ca/Fe] is
over-solar in metal-poor stars (Wallerstein, 1962; Hart-
mann & Gehren, 1988; Zhao & Magain, 1990; Gratton &
Sneden, 1991), such as the [Mg/Fe] is. This overabundance
decreases until solar ratios are reached when the iron
abundance increases. For disk dwarfs, Edvardsson et al.
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Fig. 5. The index CaT vs. 〈Fe〉, both in A˚. The lines and symbols have the same meanings as in previous figures.
(1993). determined the calcium abundances in the range
−1.0 < [Fe/H] < 0.2 dex, finding that [Ca/Fe] ∼ 0.25 dex
at [Fe/H]= −1.0, and then decreases to solar values just
following the magnesium. This kind of behavior may also
occurs for high metallicities if the time scale for the for-
mation of the bulk of stars is short enough to create stars
before the iron appearance, ∼ 1 Gyr. McWilliam & Rich
(1994) showed, for the Galactic bulge stars, an overabun-
dance in [Ca/Fe]∼ 0.3, slightly lower than those of mag-
nesium and silicon.
Chemical evolution models, including recent theoret-
ical calculations of yields (Timmes et al. 1995), repro-
duce the Galactic abundances for the so called interme-
diate alpha-elements (Mg, Si, Ca and Na) as the result
of the evolution of the massive stars. (We must note that
it is necessary to increase the magnesium yield by a fac-
tor of 2 in order to obtain the solar abundance of Mg).
Thus the bulk of the star formation should take a time
which is shorter than ∼ 1 Gyr (the minimum time that
has to elapse before the low-mass stars eject the iron in
the Type I SNe explosions) in regions where [α/Fe] > 0.0,
and longer for the systems where [Mg/Fe]=0.0. This re-
sult is well reproduced by chemical evolution models (after
adequately fitting the data in the solar neighborhood): in
Fig. 5 of Molla & Ferrini (1995) we can see a similar be-
havior for Mg, Ca and Si when stars are formed in a short
time scale (∼ 0.8 Gyr).
The fact that [Mg/Fe] > 0 in elliptical galaxy nuclei
implies that star formation may extend over a time shorter
than 1 Gyr. If we now introduce the observed [Ca/Fe] ra-
tio into this reasoning, and we assume that both calcium
and magnesium are produced by similar Type II SNe (al-
though with different masses), we can constrain even more
the duration of the star formation episode in these re-
gions. In Fig. 7 we represent, simultaneously, the fraction
of ejected mass of 24Mg and 40Ca over the total yield for
each element, taken from Woosley & Weaver (1996), as a
function of the stellar mass (lower x-axis) and the mean
stellar life (upper x-axis, in logarithmic scale). It is clear
from this figure that calcium is produced by stars with
mass in the range 12–30 M⊙, while magnesium is gen-
erated in stars of 20–40 M⊙. This is in agreement with
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Fig. 6. The diagram CaT-Hβ. The lines and symbols have the same meanings as in previous figures.
the more recent metallicity-dependent yields from Porti-
nari et al. (1998), who show in their Fig. 4 the ejecta of
each element as a function of the CO-core, indicating that
calcium proceeds from lower mass stars than those which
produce magnesium. Considering the lifetimes of the stars
responsible for the bulk production of Ca and Mg, we find
these values peak at ∼ 8.9 and ∼ 6.3 Myr, respectively.
Therefore, even with a short difference between both life-
times (∼ 2.6 Myr), there exists a time period at which the
magnesium has already been ejected by the most massive
stars but the bulk of the calcium has not yet been re-
leased. After this small delay, the calcium appears in the
ISM, and stars formed afterwards will incorporate both el-
ements, Mg and Ca, showing [Mg/Fe] and [Ca/Fe] larger
than zero and a ratio [Mg/Ca] tending to solar.
The consequence of this reasoning is important: if in el-
liptical galaxy nuclei calcium is not over-abundant, while
magnesium is, their stellar populations could have been
formed, at least locally, in a very short burst, lasting a
timescale smaller than a few Myr. 2 If the star formation
took more than this time, the calcium would have been
incorporated into the new stars, and one should expect
to observe [Mg/Ca] ≃ 0, which does not seem to be the
case. This is in agreement with the dissipative theory of
galaxy formation where the collapse time scale must be
shorter for more massive galaxies by producing a correla-
tion between the time scale of the star formation in these
galaxies and the total mass. This is supported by Richer
et al. (1998), who claim that [O/H] varies systematically
with the velocity dispersion for spheroidals, bulges and el-
lipticals, by relating the gravitational potential well with
this effect and by concluding that the time scale governs
[O/Fe] or [Mg/Fe]. The result implies a short time scale
for star formation in more massive elliptical and bulges,
2 A word of caution must be said when considering the speed
of the star formation in a stellar system. The quoted times
always refer to local times, i.e. those needed to produce the
bulk of the star formation locally, although the required times
to form the whole system, for instance a galaxy, could be much
larger.
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Fig. 7. Magnesium and calcium yields taken from Woosley & Weaver (1995) as a function of the stellar mass (lower
x-axis) and mean stellar life (upper x-axis, years in logarithmic scale).
supporting the old idea that ellipticals are simpler than
low mass galaxies from their star formation history.
However, the deduced constraint for the local star for-
mation time might seem to be too short. Then a new sce-
nario, which could include the two Type II SNe flavors ,
must be invoked. This effect can also be enhanced (or even
dominated) by a flatter initial mass function due to spe-
cial conditions (dense environment or high metallicity). If
an IMF is biased towards massive stars, the magnesium
produced or yield in these elliptical nuclei will be larger,
allowing one to find overabundances of magnesium and
also of other elements ejected by the most massive stars
such as oxygen, but not of those ejected by less massive
stars. An IMF universal and constant is still a matter of
discussion (Larson 1998, Padoan et al. 1997, Meyer et al.
1999, Chiosi et al. 1998), but some recent works claim
that it must be constant (Wyse 1997, Tsujimoto et al.
1999, Chiappini et al. 1999).
One point that may enlighten this problem proceeds
from the nucleosynthetic yield calculations: by using the
existing yields in a chemical evolution model, it is not
possible to reproduce the solar abundance [Mg/H]. It is
necessary to add magnesium to the stellar production to
reach the estimated solar value. The quantity of ejected
magnesium must be a factor of ∼2 greater that the present
yield, implying that Fig. 7 must change. If the deficiency
in magnesium might be accounted for by the production
of the most massive stars (M> 40M⊙), we might solve
two problems: chemical evolution models would reproduce
the solar abundances and the difference between stellar
lifetimes for stars producing Mg and Ca would be large
enough to allow the formation of stellar populations with
an overabundance [Mg/Ca] in a sufficient time.
Another possible solution to this problem, besides the
actual ratio [Mg/Fe] non solar, may be related with the
measures of Mg2 as we see by comparing columns (12)
and (5) from Table 4. For some galaxies there exist data
from different authors and there are differences as large
as 0.05, that is, 15 %. Following Goudfrooij & Emsellem
(1996) the possible emission lines may affect the measures
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of absorption lines. They estimated that the index Mgb
may be artificially enhanced by 0.4-0.1 A˚ and Mg2 by
0.03 mag, due to the [N i] emission-line doublet at 5199 A˚.
Taking into account that 50 % of giant elliptical galaxies
exhibit Hα+ [N ii] emission, maybe the actual Mg2 values
must be reduced. If we reduce the Mg2 data by 15 %,
most of them might be almost reproduced by models, as
we show in Fig. 4 where the two sets of data (open vs full)
are represented.
In this context, a surprising result has been obtained
by Origlia et al. (1997). These authors have measured the
strength of the infrared absorption line at 1.59 µm, which
is primarily sensitive to the total silicon abundance. These
authors used this absorption to estimate the ratio [Si/Fe]
necessary to reproduce their EW, by comparing a sam-
ple of elliptical galaxies and globular clusters with mod-
els. They found that silicon could be enhanced by about
0.5 dex in both kinds of stellar systems. Since Si and
Ca proceed from stars with similar masses (Portinari et
al.1998), both should be overabundant at the same time,
contrary to our and their findings and to our explanations
for the existence of an overabundance in [Mg/Ca]. Thus,
the question remains unclear until more precise calcula-
tions of nucleosynthesis yields and observations of alpha-
elements become available.
5. Conclusions
We have developed an evolutionary synthesis model with
which we have produced a grid of models for SSP at 6
metallicities and a wide age range. This code is able to
predict indices in the blue-visible spectral range, the clas-
sical Lick indices and indices in the near-IR such CaT,
Mg i and Na i at the same time.
We have carefully analyzed the behavior of this in-
dex for the coolest stars (Teff < 4000), given by some
samples of data available in the literature, obtaining the
generic trend of CaT decreasing with effective tempera-
ture, in agreement with the extrapolated JCJ92’s theoret-
ical functions. Therefore, although systematic effects may
still be present in the theoretical predictions, mainly due
to potential errors in the extrapolation of these JCJ92
equations, we use the most adequate solution until more
reliable fitting functions become available.
We have compiled a set of data from the literature for
galaxies for which both kind of indices, blue-visible and
near-IR, had been observed, and we have compared their
predictions with data.
We have used our results to study the relationship be-
tween different indices for old stellar populations by pro-
ducing diagnostic diagrams in which observed data and
models can be plotted to determine the basic physical
properties of the dominant stellar population in these
galaxies. We find that most of the galaxies with known
data for Mg2, CaT and 〈Fe〉 remain in the CaT – Mg2
plane at the place of Z=0.02, while they seem to have
overabundances of Mg. This conclusion is in agreement
with other data of Ca4300 in the blue region found by
Worthey (1998), but raises the question of how it is possi-
ble to have solar metallicity ratio for the calcium element
and over-solar ratio for Mg abundance, while both are α-
element produced by the same type of massive stars.
If we accept the assumption of a relative abundance
[Mg/X]> 0, adopted to explain this kind of diagram and
that it is due to a short time scale for the star formation,
and we apply the same argument for the [Mg/Ca], this
would imply that the star formation time scale in ellip-
tical galaxy nuclei must be shorter than ∼ 5 − 10 Myr.
Otherwise, we should not find a discrepancy between the
data and the models in the later diagnostic, where both in-
dices proceed from the same kind of alpha-elements, which
is not the case. We suggest that an update of the nucle-
osynthesis yields of Mg, increasing the production of Mg
for the more massive stars, may solve this problem, by
extending the elapsed time between the production of Mg
and of Ca and, in consequence, the time scale for the star
formation. An alternative explanation might be an IMF
biased towards the massive stars (M > 40M⊙) in the early
phases of star formation in elliptical galaxies.
We must keep in mind that the emission over these
spectra also may affect Mg2 data: they may be reduced
by 5 % if a careful analysis is done before obtaining the
spectral indices Mgb and Mg2.
We use the orthogonal diagram CaT – Hβ to date ellip-
tical galaxies and to determinate their abundances, reach-
ing the conclusion that elliptical galaxies are nearby solar
in their abundances of calcium, in the same way as for
iron, and that their ages range between 8 -16 Gyr.
A large campaign of observations in the near-infrared
to estimate the CaT index, e.g. in the same set of galaxies
given in Davies et al. (1987), would be very useful to date
them and to determinate their metallicities/abundances
in a clear way.
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